Fennel (Foeniculum vulgare Miller), Apiaceae, a spice and medicinal plant from the Mediterranean region, is grown by family farmers without irrigation and under high temperature conditions of the Brazilian northeast. In this study, a field experiment was done in the semi-arid region of Sergipe state, Brazil, to evaluate the performance of fennel-bean intercrop under organic management, using a completely randomized block design with six replications and four treatments (fennel monocrop and fennel intercropped (additive model) with two cultivars of beans (Phaseolus vulgaris) and one cultivar of cowpea (Vigna unguiculata). Fennel plants were obtained from seeds and transplanted into the field at the beginning of the rainy season in June, while seeds of the beans and cowpea were being sown. Umbels of the fennel were harvested in January, 210 days after transplanting the fennel into the field. The fresh and dry mass of umbels, absolute and relative yield, land equivalent ratio (LER) and essential oil content were improved under the intercrop with cowpea and one cultivar of bean. No significant differences were detected on height and canopy areas among treatments, but any decrease in yield of fennel plants associated with intercrops with cowpea or bean were small. The intercrops studies confirmed the viability of intercropping fennel with cowpeas and beans.
INTRODUCTION
Fennel (Foeniculum vulgare Miller) is one of the most important medicinal plants grown within the Mediterranean region, Europe, far east, India and Brazil. The fruits, commercially called seeds, are used in folk medicine as a galactagogue, lactogogue, emmenagogue, stomachic, and antispasmodic. The plant is considered a spice due to terpenic compounds isolated from the volatile oil of the fruit (Guenther, 1950) . Furthermore, fennel is widely used in the preparation of bread, candies, sauces, soups, pastries, and others. Fennel is also used in the manufacture of perfumes, aromas, soaps and shampoos. Oil of fennel is one of the most important all-round flavoring agents, used as additive in the food, pharmaceutical, cosmetic, and perfume industries (Piccaglia and Marotti, 2001) .
Fennel, a member of the family Apiaceae (Umbellifereae), is a perennial herb, originally of Mediterranean region, but grown as annual or biennial crop in many countries. In the wild, fennel grows on almost any good soil in sunny localities with a fairly mild climate. The plant thrives in rich, well-drained loam, or black sandy, and sandy-clay soils that have been sufficiently limed (Guenther, 1950; Stefanini et al., 2006) . The plant, which has dark green leaves, yellow small flowers distributed on compound umbels, is a tall (150-200 cm) , hardy, and erect growing herb. Seeds represent the major tissue used for therapeutic and condiment objectives and are the major oil yielding part of the plant.
Fennel, known as "Erva-doce" or "Funcho" in Brazil, is grown particularly by family farmers. This plant was brought to Brazil by first immigrants. Currently, the plant, which is cultivated from south to northeast, is grown mainly in four states: Paraíba, Pernambuco, Sergipe and Bahia, in the northeast of Brazil. Fennel is an important crop financially to these family farmers (Curado et al., 2007) , although day temperatures are 200 hot and water is scarce with no water availability for irrigation. The main pest of fennel in Brazil is the aphid Hyadaphis foeniculi (Hemiptera: Aphididae) that generally attacks the plants during the flowering stage and sucking sap and damaging the plant and reducing seed yield (Ferreira and Sousa-Silva, 2004; Abramson et al., 2007) .
Farmers grow fennel with little use of technology and without professional advice, using no fertilizer most times, and if some fertilizer is used, it would be chemical inputs. In these areas of fennel cultivation, many areas are also occupied with corn and some with beans. Some farmers intercrop fennel and beans (Phaseolus vulgaris, Leguminosae) in their plantations, but they do not know if the beans favor or impair the yield of fennel fruit or the essential oil content or composition. The purpose of this study was to determine effects of intercropping fennel with two cultivars of bean (Phaseolus vulgaris) and one of cowpea (Vigna unguiculata) on yield of seeds and essential oil content of fennel grown in semi-arid region of Sergipe, Brazil.
Intercropping is a crop management system involving two or more economic species grown together for at least a portion of their respective production cycles and planted sufficiently close to each other so that interspecific competition occurs. Current methods of comparing intercrops with monocultures generally fit into one of two types: (i) those in which absolute yield of monoculture and intercrop are compared; and (ii) those in which a relative yield value is calculated (Hiebsch and McCollum, 1987) . The measurement most frequently used to judge the effectiveness of an intercrop is the Land Equivalent Ratio (LER), which is also called Relative Yield Total (RYT) and takes the name from the interpretation as relative land requirements for intercrops versus monocultures. LER is simply the sum of the relative yields and relative yield is the yield per acre in an intercrop divided by the yield per acre in monoculture (Vandermeer, 1989) .
MATERIALS AND METHODS
The experiment was Implemented at the Experimental Farm of EMBRAPA at Frei Paulo (10°36'18"S; 37°38'12"W), Sergipe state, northeast Brazil, during the months of June 2008 to January 2009. The field soil was predominately clay, the annual average rainfall is 83 mm, and the annual average temperature is 24°C.
The fennel plants (Foeniculum vulgare Miller subsp. vulgare) were obtained from seeds of a local cultivar. Cowpea plants (Vigna unguiculata 'xique-xique') were a local cultivar and the beans (Phaseolus vulgaris) were the cultivars 'Pontal' and 'Agreste' obtained from the improvement program of EMBRAPA Research Center. In April 2008, fennel seeds were sown in foam trays filled with an organic substrate and grown for 45 days until the seedlings were transplanted into the field in June, when the beans and cowpea seeds were being directly sown into the field. Fennel plants were placed with 0.8 m of distance between plants and 1 m between rows and kept in cultivation for 210 days. Beans and cowpea were cultivated with 0.2 m between plants in the row and 1 m between rows. In the fields, the density of fennel plants was 1.25 plants m -2 or 12,500 plants ha -2 in each plot.
The experiment was a randomized block design with six replicates and four treatments (fennel monocrop, fennel-cowpea intercrop, fennel-bean 'Pontal' intercrop, and fennel-bean 'Agreste' intercrop). In addition, monocrops of each crop plant were grown (cowpea monocrop, bean 'Pontal' monocrop, and bean 'Agreste' monocrop). Each treatment plot consisted of four rows 5.6 m long. Each row had 7 plants and a single border row of fennel. Intercrop treatments (additive design) were imposed by inserting one row of beans or cowpea between every two rows of fennel. In each treatment plot, five plants were evaluated for growth and the fruit were harvested for estimative of yield and essential oil content.
All treatments received the same organic management, with fertilization by application of rock phosphates and sheep manure, in accordance with results from a previous soil analysis. The seedlings were transplanted into the experimental field in June, during the rainy season. The rains occurred until September, when flowering began. No irrigation was available.
During growth, the height of the fennel plants was measured at 50 and 110 days after transplanting on five plants per plot and canopy area was estimated using the product of a measure of the largest canopy width within the row and at a right angle across the row in accordance with Santos et al. (2002) . In addition, the occurrence of aphids was monitored and recorded during growth of plants with cotton oil applied for control on fennel plants with verification of aphid attacks on plants.
At six months after plants transplanting, the fennel umbels were hand-harvested from five plants per plot (4 m 2 ) and weighed. Data were also collected on the fresh mass of fennel, bean, and cowpea seeds. The seeds were then submitted to dehydration in a drying room at 34°C and 40% relative humidity where the umbels remained until the humidity was reduced to 11%. The dry matter content of seeds was then determined and the fennel yield (absolute yield) estimated. Moreover, the relative yield and Land Equivalent Ratio (LER) were determined in accordance with Vandermeer (1989) . The Relative Yield of each crop was obtained through the division of the intercrop yield by monocrop yield. Then, every treatment LER was estimated by summing both crops relative yield.
Furthermore, individual seed weight was determined from the weight of 1000 dry seeds from the header seed sample. After fresh and dry mass were recorded, seeds were frozen and stored in plastic bags at -18°C until extraction and isolation of the essential oil by hydrodistillation using 50 g of dried, crushed seeds for 2 h in a Clevenger-type apparatus (Gottlieb and Magalhães, 1960) . The oils were dried over anhydrous sodium sulfate and kept in dark glass bottles at -18°C for further analysis. The essential oil content was recorded and the percentage of essential oil in 100 g of dried and crushed seeds calculated.
The data were expressed as mean values. The ANOVA and mean test (Scott Knott test) were applied for the verification of difference between the treatments.
RESULTS AND DISCUSSION

Growth
The mean height of fennel plants was 1.78 m at the beginning of flowering stage, 110 days after fennel plants were transplanted into the field and after the harvest of beans and cowpea was completed. The fennel height was smaller than that of Portuguese wild accessions and commercial fennel evaluated by Lopes et al. (2010) , but larger than plants evaluated by Marotti et al. (1993) . No significant effect of associated crop (beans and cowpea) on fennel growth was observed (Table 1) , probably due to differences in ecologic niches between fennel plants and associated crops (bean or cowpea). Most likely the roots of the plants developed in different soil regions and the crops coexisted for only a short time in the field as the beans and cowpeas had shorter crop cycle than fennel plants. Any competition among the growing plants was weak.
Dry Matter Production
At about six months after fennel plants had been transplanted into the field, in December-January 2008-2009, green-yellow to brown umbels were harvested. The humidity of harvested umbels varied from 70%, in those green-yellow seeds, to 11%, in those brown seeds. The mean weight of 1000 dry seeds was 5.29 g, similar, therefore, to one described by Lopes et al. (2010) for commercial bitter fennel, and larger than wild accessions of bitter fennel grown in Portugal. It was also larger than one verified by Marotti et al. (1993) .
Similarly the intercropping with beans or cowpeas did not significantly reduce dry matter of fennel seeds ( Table 2 ). The lowest means of dry matter in fennel seeds, however, came from plants in the fennel-bean 'Pontal' intercrop as opposed to other plantings, probably due to a stronger competition of bean 'Pontal' with fennel plants as compared with the other plants due to the indeterminate growth habit of the bean.
Fennel Yield
The fennel yield in our study was significantly changed by intercropping, in contrast to the results of Sobkowicz and Tendziagolska (2005) where the intercropping yields frequently were below monocrop yields of the component plants, making any benefits of mixed cropping difficult to assess. The highest fennel yield in our study, however, was obtained by fennel plants from the fennel-cowpea intercrop, while the fennel-bean 'Agreste' intercrop decreased yields (Table 3) .
As expected beans and cowpea plants as legumes, significantly increased fennel yield due to the input of nitrogen supplied by biological nitrogen fixation. This nitrogen input can only effectively occur under conditions adequate for biological nitrogen fixation. Although this study did not evaluate the biological nitrogen fixation of beans and cowpea plants, the results suggest that cowpea was a better source of nitrogen fixation than beans, perhaps due to better adaptation of cowpea to the study area than beans, and the existence of wild strains of rizobium that associate with cowpea, but not to beans. Increased productivity could have also occurred under the cowpea and beans-'Pontal' due the indeterminate growth habit of these plants that enabled them to cover the entire plot area, probably raising soil humidity. Buntain and Chung (1994) have verified that fennel plants grown in dry summer conditions of Tasmania had strong responsiveness to irrigation, but did not respond to supplementary inputs of nitrogen, suggesting that for fennel the potential nitrogen input by biological nitrogen fixation is important for increased fennel yield in the fennel-cowpea intercrop.
Relative Yield and LER
The highest relative yield was obtained from fennel plants in fennel-cowpea intercrop (Table 3 ). It indicates that fennel yield was larger when fennel plants were grown in intercrops than in monocrops. Otherwise the fennel yield on fennel-bean 'Pontal' intercrop and fennel monocrop were similar, while the fennel yield on fennelbean 'Agreste' was lower than 1.0, which indicates the fennel yield was higher in monocrops than intercrop.
All values of LER were greater than unity. According to Hiebsch and McCollum (1987) , Vandermeer (1989) and Santos et al. (2002) , LER with values above 1.0 indicate the larger total area was needed under monocrop to produce the same quantity of grains of both species as in the mixtures. Vandermeer (1989) told LER above 1.0 represents "overyield" of intercrop and positive effects of intercrop. The same author believes that part of the gain in the yield of a mixture may be due to a facilitation process, when one population affects the other in a positive way. It is suggested that the biological nitrogen fixation may represent a way of facilitation process.
Absolute and Relative Yield of Associated Crops
The beans 'Pontal' and 'Agreste' obtained significantly larger yield (kg ha -1 ) than cowpea plants. Such higher yields by the beans as compared with the beans could be expected because the beans have been genetically improved, while the cowpea used in this study was not an improved selection. Relative yield was superior to 1.0 in the fennelbean 'Pontal' intercrop and in the fennel-cowpea intercrop, indicating a higher efficiency of intercrop than monocrop in these plantings. In contrast, the fennel-bean 'Agreste' intercrop resulted in a relative yield bellow 1.0, indicating higher efficiency of fennel monocrop than in intercrop and demonstrating that cowpea and bean 'Pontal' were more competitive than bean 'Agreste'. This result may be attributed, at least in part, to indeterminate growth habit of the bean-'Pontal' and the cowpea.
Essential Oil Content
The intercrop did not significantly change the essential oil content (mean 4.42%) of the fennel seeds (Table 4 ). This value is similar to one described by Lopes et al. (2010) for commercial bitter fennel, and larger than the oil content of the Portuguese wild fennel accessions studied in Europe, the origin of fennel. The essential oil content of Brazilian plants was similar to European plants with the fennel of Brazil proving to be a good source of fennel essential oil.
CONCLUSIONS
All the studied intercrops favored better usage of available resources of crop land as shown by the higher LER values as compared with monocrop cultivation systems. The yield obtained from intercrops and monocrop demonstrated that intercropping is an opportunity for the family farmer to increase the income on their farms. Of the intercropping systems studied, the fennel-cowpea intercrop increased fennel seed yield the most. No intercrops, however, changed the essential oil content of fennel seeds with the essential oil content obtained from fennel grown in the Brazilian northeast as great as that obtained from plants grown in Europe. 
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